Background: Certain cancer case ascertainment methods used in Quebec and elsewhere are known to underestimate the burden of cancer, particularly for some subgroups. Algorithms using claims data are a low-cost option to improve the quality of cancer surveillance, but have not frequently been implemented at the population-level. Our objectives were to 1) develop a colorectal cancer (CRC) case ascertainment algorithm using population-level hospitalization and physician billing data, 2) validate the algorithm, and 3) describe the characteristics of cases. Methods: We linked physician billing, hospitalization, and tumor registry data for 2,013,430 Montreal residents age 20+ (2000-2010). We compared the performance of three algorithms based on diagnosis and treatment codes from different data sources. We described identified cases according to age, sex, socioeconomic status, treatment patterns, site distribution, and time trends. All statistical tests were two-sided. Results: Our algorithm based on diagnosis and treatment codes identified 11,476 of the 12,933 incident CRC cases contained in the tumor registry as well as 2317 newly-captured cases. Our cases share similar overall time trends and site distributions to existing data, which increases our confidence in the algorithm. Our algorithm captured proportionally 35% more individuals age 50 and younger among CRC cases: 8.2% vs. 5.3%. The newly captured cases were also more likely to be living in socioeconomically advantaged areas. Conclusions: Our algorithm provides a more complete picture of population-wide CRC incidence than existing case ascertainment methods. It could be used to estimate long-term incidence trends, aid in timely surveillance, and to inform interventions, in both Quebec and other jurisdictions.
Background
Cancer is a leading cause of death in North America [1] [2] [3] and colorectal cancer (CRC) is the second most common cause of cancer death in Quebec, Canada. Accurate cancer surveillance is necessary for appropriate resource allocation and to understand the impacts of improvements in screening and treatment on population health. However, accurate surveillance continues to be a challenge in many North American jurisdictions [4] , limiting decision makers' ability to understand the full scope of cancer's disease burden and to plan accordingly.
The Quebec tumor file was the primary source of cancer surveillance data in the province from 1961 to 2011 [5] . Cancer cases were ascertained using principally diagnostic codes from hospitalization data, with some additional cases ascertained from death certificates and information provided by other jurisdictions if a Quebec resident was treated outside of the province [6] . These data are known to underestimate the burden of cancer, especially among sub-groups who may receive treatment without being admitted to a hospital, such as those with early, less invasive disease [6] . Previous studies have reported incomplete case ascertainment of incident colorectal cancer from administrative data when hospitalization data alone are used [7] [8] [9] . If supplementary data, such as treatment codes, are not utilized, hospitalization and physician billing codes can also capture false positive cases, due to detection of prevalent cancers or identifying patients for whom a cancer diagnosis is recorded while a potential cancer diagnosis is being evaluated [10, 11] .
Algorithms using administrative health data (medical claims) are one promising avenue to improve the quality of cancer surveillance. Validated algorithms, using "gold standard" comparison groups, have been shown to be representative of the general population and to provide a level of specificity that can permit the identification of cancer cases [12] . Relative to resource-intensive case ascertainment using pathology reports or active reporting by physicians, these algorithms are also low cost and have shorter update delays than cancer registry data [11] . Algorithms based solely on hospitalization data generally display low sensitivity but a high positive predictive value [10, [13] [14] [15] . Several authors have demonstrated that the addition of physician billing data can improve the overall performance of cancer case detection algorithms [7, [10] [11] [12] . Best practices to ensure completeness of case ascertainment are to use diagnostic and treatment codes in physician billings and other outpatient data sources in addition to hospitalization data [10, 11] .
Despite the potential usefulness of administrative data algorithms in cancer surveillance, few studies used them in a population-based setting [9, 15, 16] . Their use has largely been limited to SEER-Medicare data, and therefore among patients age 65 and over, or to single private insurers [17] [18] [19] . Colorectal cancer incidence is increasing among patients under age 50 [20] , an example that illustrates the need for consistent cancer surveillance tools among younger adults. In the case of Quebec, the cancer surveillance system has undergone a reform in order to improve the exhaustivity and validity of cancer case ascertainment by adding pathology report assessment [6] . Thus, cancer incidence will not be measured consistently over time and an administrative data algorithm will allow the accurate and consistent measurement of long-term trends in cancer incidence. This is particularly timely as the province anticipates instituting an organized CRC screening program in 2018, and it will be important to assess if the program influences changes in cancer incidence.
In this analysis, we 1) develop a new CRC case ascertainment algorithm using diagnosis and treatment data from administrative hospitalization and physician billing data that encompass the entire relevant population, 2) validate the new algorithm using the site distribution and time trends, and 3) describe the differences in case ascertainment completeness according factors such as age and socioeconomic status. Our contributions include measuring and characterizing CRC incidence in the entire Quebec population, using a tool that can be translated to other jurisdictions and can be used to produce consistent cancer incidence estimates over time at little additional cost.
Methods

Data sources
Our analyses used population-based, insurance billing data from Quebec's provincial public insurer, the Régie de l'assurance maladie du Québec (RAMQ). The RAMQ insures all physician and hospital services for about 96% of the Quebec population [21] and outpatient prescription drugs for approximately 36% (largely elderly and low-income residents) [22] . The following data files were linked using an anonymized individual patient identifier: physician fee-forservice billings, hospital admissions, individual death records from the Quebec Statistical Institute (Institut de la Statistique du Québec), and the Quebec tumor registry (Fichier des tumeurs du Québec -FiTQ). Patients who are admitted to hospital appear in the hospital admissions data. Physician billings include services provided in both inpatient and outpatient settings. Day surgeries can appear in either the hospital admission or the physician billing data, depending on the location of the surgery and if the patient was admitted to the hospital.
Variables
Like other medical claims databases, the RAMQ data detail health care services received by patients: outpatient visits, hospital admissions, emergency department visits, day surgeries, and billable services (e.g., colonoscopies). The relevant diagnostic (ICD 9 and ICD 10), treatment [23] , and procedure codes [24] are included in these data. They also contain information on individual-level demographic characteristics (age, sex, mortality) and small-area measures of socioeconomic status (SES) (Pampalon index of material deprivation [25] ).
Algorithms
We created three algorithms to identify cases of CRC, based on varying source data. Algorithm 1 classified patients with at least one CRC diagnostic code in the hospitalization data as an incident case of CRC. Algorithm 2 classified patients with two diagnostic codes in the physician billing data separated by at least 30 days in a 2-year period, as an incident case of CRC. Algorithm 3 classified patients who meet the criteria under Algorithm 1 and/or 2 as an incident case. A case identified via algorithm 2 but not algorithm 1 would be an individual diagnosed and treated in outpatient settings only. The date of diagnosis was considered the date of admission (algorithm 1) , the date of the first of the two diagnoses (algorithm 2), or whichever is first (algorithm 3) (Fig. 1) . Relevant diagnostic codes are listed in Additional file 1. We investigated the receipt of surgical, medical, or other colorectal cancer related treatment at any point during our study period among all possible cases (see Additional file 1). Several validation studies of cancer incidence algorithms based on administrative data have demonstrated that the PPV of algorithms utilizing only hospitalization and physician billing data is relatively low [10] [11] [12] . Thus, in an effort to improve PPV, the integration of treatment codes in such algorithms has become common and we judged cases to be "true positives" only if the patient met both diagnostic and treatment criteria.
Statistical analyses
We considered the cases identified in the FiTQ as our reference point, and classified cases as concordant (individuals identified in both the FiTQ and by each of our algorithms) or newly captured cases (individuals identified by our algorithms but not in the FiTQ). We conducted descriptive analyses to compare results from the three algorithms and to select the best performing among them. We selected the algorithm that performed best based on maximizing concordance with the FiTQ and maximizing the number of cases ascertained.
We used two approaches to assess the performance of our algorithm. First, we compared the overall proportion of colon and rectal cancers detected by our algorithm to that documented elsewhere. Second, we compared the trends in age-adjusted incidence rates over time between the FiTQ and our algorithm. We expected that the algorithm would detect a consistently greater number of cases than the FiTQ, but that similar trends over time would indicate the algorithm was detecting true positives. Because we do not have another data source that we consider a valid "gold standard", we did not assess the performance of our algorithm with measures such as sensitivity and specificity.
To characterize individuals with incident CRC who were not identified in the FiTQ, we compared the proportions of age, sex, socioeconomic status, disease site, and treatment received in the concordant and newly captured cases. We calculated 95 % confidence intervals (CIs) to make comparisons across groups. All statistical test were two-sided and assessed at the p < 0.05 level.
Use of the data was authorized by the Commission d'accès à l'information du Québec. The study was approved by the Université de Montréal ethics committee (Project 17-033-CERES-D).
Results
Between 2000 and 2010, 12,933 incident cases of colorectal cancer were captured by the FiTQ (Table 1) . Algorithm 1 captured 12,949 cases: 12,930 were concordant with the FiTQ and 19 were newly captured cases. Algorithm 2 captured 13,899 cases: 9940 were concordant with the FiTQ and 3959 were newly captured cases. Algorithm 3 captured 16,897 cases: 12,932 were concordant with the FiTQ and 3965 were newly captured cases. Among identified cases, 11.3% of FiTQ cases did not receive treatment. Among algorithms 1, 2, and 3, the corresponding rates were 11.3%, 14. 6%, and 18.4% respectively (Table 1) . Considering only treated cases, Algorithm 3 captures 13,793 cases, 11,476 of which are concordant with the FiTQ and 2317 of which are newly-captured (20.2% more). We sought to maximize both concordance and colorectal cancer case ascertainment, thus we selected algorithm 3 as our preferred algorithm on which we conducted further analyses. Fig. 1 Algorithm to identify incident colorectal cancer cases using administrative health data Between 2000 and 2010 age-adjusted incidence rates for CRC were stable, with a small increase at the end of the period (Fig. 2) . The rates calculated using algorithm 3 were consistently higher than, and parallel to, those calculated using the FiTQ. The proportion of cases diagnosed as colon cancer in comparison to rectal cancer was similar across the concordant and newly captured cases ( Table 2 ). Approximately 67% of both concordant and newly captured cases were colon cancer cases and approximately 33% were rectal cancers, which is the similar to the distribution reported elsewhere [26, 27] . A very small number (less than 0.22%) did not have a specified disease site. Incident cases detected by our algorithm are similar in both site distribution and overall time trends to existing estimates, increasing our confidence that the algorithm is performing well.
Our algorithm captured a statistically significantly 35.4% greater proportion of people under age 50 among those diagnosed with colorectal cancer relative to the FiTQ: 8.2% (CI 95% , 7.1% -9.3%) vs 5.3% (CI 95% 4.9% -5.7%) (Fig. 3) . We found approximately equivalent proportions of women and men in our newly captured cases: 50.6% (CI 95% 48.6% -52.7%) vs. 48.7% (CI 95% 47.8% -49.6%).
The algorithm captured a statistically significantly higher proportion of cases among people who live in higher SES neighborhoods than the FiTQ: 24.1% (CI 95% 22.3% -25.9%) vs. 21.4% (CI 95% 20.6% -22.2%). These differences in sociodemographic characteristics between the concordant and newly captured cases suggest that FiTQ case ascertainment methods systematically undercount younger patients and those with higher SES.
Treatment patterns by patient characteristics also vary between concordant and newly-captured cases. Among concordant cases, 64.4% of women receive chemo-or radiotherapy (CI 95% 63.2% -65.7%) compared to 71.5% of men (CI 95% 70.3% -72.6%), a statistically significant difference (Table 2) . Among newly-captured cases, there is no difference in the proportion of men and women receiving chemo-or radiotherapy. While there are no differences in the proportion of concordant cases receiving surgery by socioeconomic status, among newlycaptured cases we see that patients in the most privileged areas are statistically significantly less likely to receive surgery (32.4% CI 95% 28.5% -36.3%) than those in the most deprived areas (42.7% CI 95% 37.6% -47.8%). Among concordant cases, a statistically significantly lower proportion of cases age 70 and above received chemo-or radiotherapy compared to people younger than age 50: 62. 9% (CI 95% 61.7% -64.0%, age 70+) vs. 79.6% (CI 95% 76.4% -82.8%, age < 50). While this difference persists in the newly-captured cases, it is no longer statistically significant. These results show that the treatment profiles by sex, socioeconomic status, and age vary between the newly captured and concordant cases.
Discussion
In this analysis, we show that our algorithm using both diagnosis and treatment information from hospitalization and physician billing data identifies 20% more treated cases of colorectal cancer than methods using only inpatient data. Approximately 11.3% of FiTQ cases and 18.4% of cases detected using only diagnostic information (Algorithm 3) cannot be confirmed with receipt of any treatment. Rates of surgical, chemotherapy and radiation therapy treatment, among cases captured by Algorithm 3 are consistent with rates reported in Canada in the same time period [3, 28] . Our ability to replicate the aggregate time trends in incident CRC over the 2000-2010 period and the typical proportions of colon and rectal cancers also strengthens our confidence in the algorithm's performance.
In addition to undercounting the number of incident CRC cases, case detection methods that rely only on hospital-based records appear to systematically undercount certain population subgroups. Patients under age 50 and those living in areas with higher socioeconomic status are over-represented in the newly captured cases, relative to cases included in the FiTQ. As those with Percentages should be interpreted as the proportion of the super column and row that receive the indicated treatment. For example, among concordant cases, 68.0% receive chemo-or radiotherapy. Among concordant cases, 87.0% of women receive surgery. Among newly-captured cases, 75.5% of patients with colon cancer receive chemo-or radiotherapy. Some patients receive both surgery and chemo-or radiotherapy, so the 4 right-most columns do not sum to the total. *The proportion of total cases with unknown site is 0.22%
higher SES have been shown to be diagnosed at earlier stages of disease [29] and those who are diagnosed younger than age 50 are often diagnosed at later stages of disease [30] , the newly captured cases are likely to be mixed in terms of stage. Additionally, like previous studies [10, 11] , we find that utilizing hospitalization and physician billing data detects a number of cases who cannot be confirmed to have received treatment, which in validation settings are considered false positive cases. Algorithms to detect cancer using administrative data have also been developed in other contexts, although frequently with the limitation that data exist only for patients aged 65 and above [7, 11, 12, 31] . Our study makes the contribution of including data on patients of all ages. Our incident case estimates among younger patients, particularly those ages 50-74 for whom clinical guidelines recommend CRC screening, provide necessary information for disease surveillance, health resources planning, and organized screening programs. In addition to our substantive findings that help inform cancer control efforts, our work makes a methodological contribution by creating an algorithm that can be replicated and used in the other jurisdictions that have similarly-structured administrative data. This provides a low-cost way to produce cancer incidence statistics using existing data. Our ability to "validate" cases using evidence that treatment was received adds confidence that this is also an effective way to conduct cancer surveillance. This algorithm is particularly valuable in the Quebec because it permits the accurate and consistent measurement of colorectal cancer incidence over time, in the context of recent changes in case ascertainment methods [6] .
We recognize that our conservative approach in restricting our case definition to include receipt of treatment may not be ideal in all cases. For example, it is reasonable to expect that some elderly patients diagnosed with colorectal cancer do not pursue surgical, chemo or radiotherapy treatment. While we expect that most of our detected cases without treatment reflect rule-out diagnoses, some of them may indeed be true cancer cases. Depending on the intended purpose, the algorithm could be used in different ways. If policymakers or researchers prefer an inclusive definition at the risk of false positives, case identification based only on diagnostic codes would provide 30% more cases than the FiTQ. On the other hand, if a more specific definition is desired, our selected algorithm offers a promising approach. An even more conservative approach would be to restrict the case ascertainment to only those who has received treatment via surgery, as those cases have been found to have the lowest false positive rates [32] [33] [34] .
Our study has some inherent limitations, mostly linked to our use of administrative health data. Such data are primarily used to pay providers, and are not designed for disease surveillance. They therefore lack certain details -notably cancer stage -which would facilitate case validation. Dates of diagnosis are often measured with some error in administrative data, and it is difficult to identify the specific physician who actually made the diagnosis, or their specialty. The earliest diagnosis in administrative data has been shown to coincide quite closely with the diagnosis date in clinical databases [35] , therefore limiting our concern about serious measurement error on this front. In the absence of a "gold standard" for cancer incidence rates in Quebec, we were unable to calculate the sensitivity, specificity, positive and negative predictive values for our algorithm. While it would of course be useful to have such statistics, the concordant vs newly captured cases strong performance of administrative data algorithms in other jurisdictions, such as the United States [7] , and our ability to validate our identified cases with evidence of treatment received increases our confidence that they are true cases.
Conclusion
In conclusion, our algorithm using both hospitalization and physician billing data detects more cases of CRC than the FiTQ. It provides a more complete picture of CRC incidence and all detected cases appear to be valid, based on receipt of treatment. This algorithm could be used in Quebec and in other jurisdictions as a costeffective way to conduct timely cancer surveillance and to inform screening programs and health care resource planning. 
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